Older adults with diabetes and dementia are at increased risk for hypoglycemia and other adverse events associated with tight glycemic control and are unlikely to experience long-term benefits. We examined risk factors for tight glycemic control in this population and use of medications associated with a high risk of hypoglycemia in the subset with tight control.
hypoglycemia and preventable hospitalizations in diabetic patients with comorbid dementia (2, 8) . Improving ambulatory care, particularly reducing known risk factors for hypoglycemia, in older patients with coexisting diabetes and dementia is critical, but to date, few such efforts have been made.
There is growing consensus that because of their increased risk for hypoglycemia and reduced potential to benefit from tight glycemic control, older diabetic patients with dementia should avoid tight glycemic control (HbA 1c ,7% [53 mmol/ mol]) and instead pursue moderate HbA 1c levels of 7% to ,9% (53 to ,75 mmol/ mol). Older individuals with dementia often have other risk factors for hypoglycemia, including weight loss, changes in appetite and eating habits, and difficulty following prescribed regimens (9) (10) (11) , and a reduced ability to recognize and respond appropriately to symptoms (9, 12, 13) . Furthermore, older patients with dementia have an average life expectancy of 2-8 years (14) (15) (16) and are unlikely to experience benefits of tight glycemic control, which take years to accrue and are less likely in patients with long-standing diabetes (11) . As such, since 2003, guidelines from the U.S. Departments of Veterans Affairs and Defense (VA/DoD) have presented a riskstratified approach to glycemic control, recommending tight control (HbA 1c ,7% [53 mmol/mol]) only for patients with a life expectancy of 10-15 years or more and absent/mild microvascular complications (17,18). The American Diabetes Association and American Geriatrics Society (AGS) subsequently adopted similar recommendations (19, 20) , with the AGS in 2013 including the avoidance of tight glycemic control in older adults with comorbidities in its Choosing Wisely campaign (21) . Although others have documented the elevated risk of hypoglycemia in older diabetic patients with dementia (2) , no studies to our knowledge have focused on understanding risk factors for tight glycemic control in patients with comorbid dementia.
Choice of antidiabetic medication also may exacerbate risks to type 2 diabetic patients with dementia, especially when HbA 1c is tightly controlled (22). Sulfonylureas and insulin are associated with a high risk of hypoglycemia (19), and the 2013 AGS guidelines explicitly recommend against the use of glyburide and chlorpropamide in all patients aged $65 years (20) . However, sulfonylureas and insulin are recommended as firstand second-line diabetes therapies in the general patient population due to strong evidence of efficacy in lowering HbA 1c , low cost, market longevity, and low risk of adverse events apart from hypoglycemia (17,19). As patients develop dementia, the risk of hypoglycemia increases and the risk-to-benefit balance of using these agents changes, especially if HbA 1c is tightly controlled. To our knowledge, no prior studies have examined the prevalence of or risk factors for the use of medications with a high risk of hypoglycemia in patients with dementia.
In this study, we addressed these gaps in the literature by identifying risk factors for tight glycemic control in older veterans with dementia receiving antidiabetic medication therapy. We also identified the prevalence and characteristics of patients at highest potential risk for hypoglycemia through their use of sulfonylurea and/or insulin after exhibiting tight glycemic control. Such data can help to inform future interventions to improve adherence to the VA diabetes treatment guidelines and AGS Choosing Wisely guidelines recommending against tight glycemic control in this population and enhance safer prescribing for veterans with dementia previously shown to be at especially high risk for severe hypoglycemic events (2) .
RESEARCH DESIGN AND METHODS

Design and Data Sources
We conducted a longitudinal, retrospective cohort study using administrative data from the VA health care system and Centers for Medicare & Medicaid Services. Data sources included were VA Medical SAS Datasets, records of dispensed outpatient prescriptions, and laboratory values linked to Medicare Part A, Part B, and enrollment data obtained for a larger study (23, 24) . All baseline variables and HbA 1c levels were based on fiscal year (FY) 2008 data; the first 120 days of FY2009 served as the follow-up period for determining antidiabetic medication use. The VA Pittsburgh Healthcare System Institutional Review Board approved this study.
Sample
To construct the sample, we first used VA data to identify all veterans who 1) were age $65 years as of the start of FY2008 (1 October 2007) and 2) were given two or more inpatient or outpatient diagnoses for type 2 diabetes (ICD-9 250.x, 250.x2) in FY2008-2009 (with first diagnosis in FY2008) or received an oral diabetes medication through the VA in FY2008 (25) . We then linked to Medicare claims and enrollment data to further refine the sample (Fig. 1) . We applied the Medicare Chronic Conditions Warehouse ICD-9 diagnosis code list for Alzheimer's Disease and Related Disorders (ADRD) to both VA records and Medicare claims to identify patients with dementia (26, 27) . The ICD-9 codes in this algorithm include Alzheimer disease, vascular dementia, and a range of other specific related disorders (see Supplementary  Table 1 for full list of diagnoses). This definition contains only minor differences from an algorithm shown to have good sensitivity and specificity compared with a gold standard clinical dementia assessment (27) . Patients without an ADRD ICD-9 code who filled a VA prescription for an antidementia medication (galantamine, rivastigmine, donepezil, memantine, or tacrine) in FY2008 were also included. Next, because veterans aged $65 years are eligible to enroll in Medicare and use non-VA health care in addition to VA care (yet we did not have access to non-VA prescription drug records), we took two steps to restrict the sample to patients with diabetes managed primarily within the VA: 1) eliminating all patients whose Medicare records indicated enrollment in a non-VA source of drug coverage during follow-up (i. We used outpatient VA drug-dispensing records for the first 120 days of FY2009 to identify patient use of antidiabetic medication associated with a high risk of hypoglycemia, defined as having at least one fill for a sulfonylurea and/or insulin. We used a 120-day window to determine the period prevalence of use of these drugs in close relation to the last HbA 1c measurement. A 120-day window was chosen because even individuals obtaining 90-day antidiabetic prescriptions would be expected to fill at least one prescription during this period, allowing for some potential nonadherence. 
Covariate Risk Factors
We assessed sociodemographic, clinical, and health care utilization factors in relation to tight glycemic control and use of high-risk medications. Patient sex, age (65-74, 75-84, or $85 years), and race/ ethnicity (non-Hispanic white, nonHispanic black, Hispanic, or other) were determined from VA utilization files. Missing VA race/ethnicity values were supplemented with the Research Triangle Institute race code in the Medicare enrollment file (28) . Whether patients had a copay for VA medications in the follow-up period was also extracted. We used the Elixhauser comorbidity measure (29,30) applied to diagnoses in VA and Medicare files to identify comorbidities present in $5% of the present sample as well as recent weight loss (3% of patients) because of an a priori hypothesis that weight loss is an important contributor to tight glycemic control. Detailed information on the specific ICD-9-CM diagnosis codes used to define each comorbid condition can be found at www.hcup-us.ahrq.gov/toolssoftware/comorbidity/comorbidity.jsp. We used VA and Medicare records to determine whether patients had at least one inpatient hospital or nursing home stay in FY2008. Finally, we determined whether dementia was documented within the VA, as indicated by either a VA ADRD diagnosis code or a VA prescription fill for an antidementia medication versus documented only in Medicare claims.
Analytic Approach
We examined descriptive statistics for all study variables in the full sample and each glycemic control group. To determine the association of sociodemographic, clinical, and health care utilization factors with HbA 1c control, we used multinomial logistic regression with robust SEs. Moderate control, which reflects guideline-concordant care, was the reference category. Finally, for patients whose last HbA 1c value in FY2008 indicated tight control (n = 8,276), we estimated a logistic regression model for use of medication with high hypoglycemic risk. We also conducted a sensitivity analysis using multinomial logistic regression to model use of sulfonylurea but no insulin, use of insulin but no sulfonylurea, and use of both sulfonylurea and insulin as separate outcomes, relative to use of neither agent, and report the results in Supplementary Table 2 . Table 1 shows characteristics of 15,880 community-dwelling veterans aged $65 years with type 2 diabetes and dementia. Almost all patients were male (99%), and 80% were non-Hispanic white. Comorbidities were common, including hypertension (81%), deficiency anemia (21%), chronic lung disease (19%), and peripheral vascular disease (17%).
RESULTS
Sample Characteristics
The majority (52%; n = 8,276) of patients had tight glycemic control, 36% had moderate control, 7% had poor control, and 5% most common (46%) followed by insulin alone (21%), noninsulin multitherapy (19%), and insulin plus another noninsulin agent (14%). Sulfonylureas, metformin, and insulin were the most common classes used, followed by TZDs and a-glucosidase inhibitors. Meglitinides, DPP-4 inhibitors, amylin analogs, and GLP-1 receptor agonists were each used very rarely (,1% of the sample). Overall, 82% (n = 13,038) of the sample used a regimen associated with an increased risk of hypoglycemia, including 47% (n = 7,537) using sulfonylurea without insulin, 26% (n = 4,111) using insulin without sulfonylurea, and 9% (n = 1,390) using both agents (Table 1) . Among tightly controlled patients, 75% (n = 6,213) used such a regimen, including 52% (n = 4,317) using sulfonylurea, 18% (n = 1,523) using insulin, and 5% (n = 373) using both agents. Of the 6,213 tightly controlled patients using either sulfonylureas or insulin, 29% (n = 1,811) also took at least one other agent not associated with a high hypoglycemic risk (data not shown).
Predictors of Glycemic Control Levels
The multinomial regression model revealed patient age, specific comorbidities, and race/ethnicity to be independently associated with having tight versus moderate glycemic control (Table 2 ). Compared with patients aged 65-74 years, those who were 75-84 or $85 years old had higher odds of HbA 1c ,7% (53 mmol/mol). Heart valve disease, chronic lung disease, weight loss, and deficiency anemia were associated with increased odds of HbA 1c ,7% (53 mmol/mol), whereas congestive heart failure, renal failure, and obesity were associated with lower odds of HbA 1c ,7% (53 mmol/mol). Compared with non-Hispanic white patients, Hispanic patients also had lower odds of HbA 1c ,7% (53 mmol/mol).
Racial/ethnic minority status and having an FY2008 inpatient stay were associated with higher odds of poor glycemic control, whereas older age and deficiency anemia were associated with lower odds.
Predictors of Use of Medications With High Risk of Hypoglycemia
Among the 8,276 patients with tight control, several significant risk factors emerged for use of medications with high hypoglycemic risk ( Table 3) . Male sex; black race; age 75-84 or $85 vs. 65-74 years; presence of congestive heart failure, peripheral vascular disease, or renal failure; and having had a hospitalization or nursing home stay in FY2008 were all associated with higher odds of use of sulfonylureas and/or insulin versus neither agent. Fluid/electrolyte disorder or depression was also associated with lower odds of use of a high-risk regimen. 
CONCLUSIONS
In a national cohort of .15,000 outpatients with medication-treated type 2 diabetes and dementia, we found that more than one-half had HbA 1c ,7% (53 mmol/mol), despite clear guidelines recommending higher glycemic targets. In addition, 75% of tightly controlled patients with dementia used medications that further exacerbated their potential risk for hypoglycemia. Even in the context of heightened hypoglycemia risk resulting from the combination of comorbid dementia and tight glycemic control, the results suggest that the large majority of providers do not substitute sulfonylureas and insulin with lower-risk antidiabetic agents. These findings highlight the need for interventions to encourage appropriate deintensification and alteration of medications when diabetic patients develop dementia, which has not been reflected in previous diabetes quality initiatives.
The study has several important strengths. Despite growing numbers of older diabetic patients with dementia and their heightened vulnerability to tight control, few studies have examined glycemic control levels partly because large enough data sources containing HbA 1c values for this population are rare outside the VA. A recent study documented high prevalence (45-50%) of tight glycemic control generally among veterans with a range of risk factors for hypoglycemia, including dementia (31) . The present study extends this work by focusing specifically on dementia status and examining risk factors for tight control or sulfonylurea/ insulin use and by using Medicare data to help to identify patients with dementia. The incorporation of Medicare claims in identifying dementia patients is critical given past research demonstrating its importance in accurately capturing comorbidities for older veterans (32) . In addition, we believe that the present study is the first to document the very high rate of use of sulfonylureas and insulin in tightly controlled patients with dementia, an important and modifiable contributor to these patients' risk for hypoglycemia.
We identified key risk factors for tight glycemic control in patients with dementia. Age $75, weight loss, chronic lung disease, and deficiency anemias increase the odds of tight glycemic control, whereas obesity is protective. Providers and patients may not recognize that changes in appetite and weight associated with dementia itself, advancing age, or other comorbidities may make it easier to control blood glucose with less intense antidiabetic regimens or that medication may no longer be required. The results suggest that interventions should encourage the review and deintensification of medication regimens in patients who lose weight or reach advanced ages.
We also found that patients with concomitant congestive heart failure or renal failure exhibited lower odds of tight control compared with dementia patients without these comorbidities; these diagnoses are noted in VA/DoD guidelines as indications to avoid tight glycemic control. The explicit mention of the role of dementia in setting glycemic control targets, as in the newly revised 2013 AGS guidelines (20) and a recently proposed quality indicator for diabetes overtreatment (22), may be an essential first step in encouraging appropriate diabetes treatment deintensification in this population. Although the present findings suggest some contributing factors to the lack of appropriate deintensification of diabetes treatment in patients with dementia, future research should directly engage providers, patients, and caregivers to uncover their perceptions of how dementia should alter glycemic control targets and barriers to pursuing less intensive targets as well as what role guidelines play in these decisions.
The present findings also highlight the need for initiatives to support safer antidiabetic prescribing choices for patients with dementia. The widespread use of sulfonylureas and insulin likely reflects VA/DoD guidelines recommending both options as first-line antidiabetic therapies along with metformin and as add-on therapies to metformin or each other if glycemic goals are not achieved, Although these alternative agents were not on the VA national formulary at the time of the study (except for acarbose), they were available to all prescribers when necessary through a nonformulary request process. Because clinical trials comparing various antidiabetic medications in older patients with dementia are unlikely to occur, welldesigned observational studies are needed to guide prescribing choices for this rapidly growing population. In the meantime, the present results suggest a need for provider outreach efforts to consider medication options with a lower hypoglycemic risk and encourage the use of the minimally intensive regimen required to achieve moderate glycemic control levels.
The results of this study should be interpreted in light of several limitations. First, our focus was on understanding patient characteristics associated with two established risk factors for hypoglycemia (i.e., HbA 1c ,7% [53 mmol/mol], use of sulfonylureas and/or insulin), and we did not capture data on actual hypoglycemic events. Whether deintensification of therapy in response to tight glycemic control or substitution of insulin and sulfonylurea with other antidiabetic agents results in reduced hypoglycemic events in diabetic patients with dementia is an important direction for future research. In addition, the relationship between glycemic control levels and the progression of dementia is unknown. Whether tight glycemic control hinders or hastens dementia progression should be explored in future studies. Second, although guidelines recommend higher HbA 1c targets for older patients with dementia, some patients with mild dementia in otherwise excellent health and good functional status may opt for tighter glycemic targets. Although we did capture extensive information on the presence of comorbid conditions, we were not able to account for patients' functional status or preferences in the analyses. Likewise, insulin therapy may be appropriate for older dementia patients with long-standing diabetes who are unable to attain HbA 1c targets with noninsulin agents alone. We did not examine dose of medications; thus, it is possible that some tightly controlled patients were prescribed very low doses. However, by limiting the analysis of hypoglycemic medication use to patients with HbA 1c ,7% (53 mmol/mol), such patients face a particularly high risk of hypoglycemia and may benefit from deintensification of insulin dose or a switch to a non-insulin-containing regimen.
Although this study is unique in capturing such a large number of patients with both diabetes and dementia as well as important clinical variables like HbA 1c , we acknowledge that the observational study design, relying solely on administrative data, has inherent limitations. In particular, we were not able to capture the full range of covariates that may be associated with glycemic control and medication choice, such as assistance with at-home diabetes self-management from informal family caregivers or nurseprovided home care. We also did not examine interactions between covariates because of a lack of theory to guide such analyses and relatively small numbers of patients with some comorbid conditions (e.g., weight loss). Future research may consider possible multiplicative effects of specific comorbid conditions or other risk factors identified in this study. Patients may also have had HbA 1c tests and medications filled outside the VA that we were unable to capture, although we reduced this possibility by limiting the sample to patients who filled antidiabetic medications in the VA and did not have another major source of drug coverage. In addition, we used a single HbA 1c value to classify patients' glycemic control at one point in time and therefore cannot determine the extent to which their glycemic control levels were transient versus stable. We also acknowledge that the data are several years old, and care of dementia patients may have improved since, especially in light of increased attention to the possible risks of tight control and hypoglycemia in older patients with comorbidities. Finally, the results reflect a primarily male veteran population and may not generalize to women or nonveterans.
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